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Abstract 

This study concerns a method of align- 
ment cl* nuclei for a gamma ray laser and a 
means of achieving preferential emission of 
radiation along the crystal axis. These 
considerations are important because it 
priestly is not possible to achieve re- 
flection of gamma radiation in order to 
nave photons make multiple passes through 
an active region. Atonic alignment has 
been achieved by materials researchers who 
to hive made composite structures composed of 
^ r "vile-like single crystals all with the 

'■k ra-e orientation and all pointing in the 

m tare direction contained in a matrix of 

c-balt or nickel. The " rtpvsed method of 
r-.fe.-intlal emission of radiation along 
be £li“n-*d needles is to have a symmetric 
field Pisa lent at the nucleus ar.d a sequence 
:f excited levels of spin and parity 2 * and 
l + i The proposed scheme will reduce the 
density cf excited states required for 
-icing and reduce the linev.idth due to 
inr.cmogor.oua broadening. Hcssbauer 
tbserp- ion experiments intended to test 
these ideas are outlined. 

I. Introduction 
Historical Review 

Recent review articles have indicated 
'he substantial difficulties that exist in 
achieving a gamma ray laser. 1 * 2 The state 
cf knowledge of the interactions of the 
nucleus ur.d its surroundings was insuf- 
ficient to allow these who conceived the 
(.uiiue^i. vi vne gamma ray laser to foresee 
many of the problems. 3* 11 

Perhaps the most difficult of the 
trig-nelly perceived problems, how to obtain 
a density of inverted states sufficient to 
have Icsing, is still with us. There is, 
htwcvur, no known fundamental limitation to 
achieving high densities and man's con- 
tinuing effort to make his power sources 
(fission reactors, fusion reactors and 
particle accelerators) more powerful may 
sored ay solve the intensity problem. 5 


moment with an internal electrin field 
gradient is considered as a means to 
achieve: 

1) energy level splitting 

2) desirable directivity of the emitted 
gamma radiation 

3) a practical physical material with 
geometry su' cable for a laser. 

The conclusion of this paper unfortunately 
will r.ot give a solution to all of these 
problems but is rather a suggestion as to 
what nuclear energy level configuration is 
desirable for a gamma ray laser. These 
considerations will serve to guide our 
future experimental research studies. 

General Considerations for Populatio n 
Inversion y “ 

/ 

To achieve population inversion of nuclear 
levels is not difficult if one^-takes ad- 
vantage of beta decay and nuclear iso- 
merism. This is illustrated with the decay 
of -^Ssn. 

"3 Sn 



A freshly separated source of will 

decay into the isomeric level of -^^In and 
population inversion will exist for several 
hours; eventually the ground state popu- 
lation increases and exceeds that of the 
isomeric level. 

Population inversion can be achieved by 
nuclear reactions as shown by the example: 


An originally unappreciated problem, 
that fluctuating nuclear Interactions with 
f' r surroundings that broaden nuclear 
l-Vuls to the extent that resonant absorp- 
“ion and Stimulated emission are unlikely, 
Is^the subject of this paper. The static 
interaction of the nuclear quadrupole 
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g axis. A similar resuJt is shown in 
figure 3b for the photon or the 2 + *0 + 
transition in Which was absorbed 


in single crystal of hafnium metal. 
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"lg.3a bossbauer transmission experiment of the 
2 + -»0 + transition In WS, for the case 
when the incident photon Is aligned with 
c axis of the crystal . 


as a possible materials configuration. ^ 

The idea of the whisker configuration 
con be combined with the anisotropic 
distribution of the la « + 1 quadrupole 
transition. Khat is required to do this Is 
an electric field gradient along the 
whisker filament and the crystal structure 
of the filament to be symmetric about the 
whisker axis. The concept is shown in 
figure h. 
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Flg.l) Schematic Illustration of nuclei In Isomeric 
states , aligned in filaments and emitting 
quadrupole radiation when an electric field 
gradient Is present and' is In the filamentary 
direction. 



In both oases the results confirmed that 
the Am = + 1 transition Is absorbed 
parallel to the symmetry axis. 

Filamentary 'Alignment of the Nuclear 
Isomers 


Most of the photons from Ax.»±2 and Am=0 
transitions will be emitted out of the 
whisker; those few emitted along the whisker 
axi3 will bo shifted in energy from the 
Am=±l photons. The axially directed, Am=±l 
photons will have less energy spread than 
would photons from a degenerate 2 + level. 

Directionally Solidified Eutectics (DSE) 

Materials scientists are working on the 
development of reinforced materials where 
the strengthening members are filaments or 
lamellae of a precipitated eutectic. The 
precipitates are single crystal and 
alir.jed and are often spaced in a rather 
regular array in the matrix alloy. Such 
a material is shown in figure 5, a SSM 
vie;/ of a directionally solidified rod of 
nominal composition Co-15 Cr-20 Mi-10.5 
Hf -,?Ci prepared by V.G. Kim of MASA's 
Lewis 1 Research Center . B In this case the 
precipitate is HfC and the matrix material 
has been etched away to show the protruding 
HfC filaments. 


It was recognised by the inventors of 
the gamma ray laser concept chat the 
alignment of the active atoms on a single 
axis could solve the problem of the non- 
existance of mirrors with which to form a 
cavity. Whisker crystals were suggested 
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Fig. 5 Structure of directionally solidified 
TaC-T5Cr-20NI-Co alloy. 


Additional considerations favcr the 
0 + -»2* sequence, l.e., the lscmerlc state 
should be the 0* and the lower state 2* 
and both states should be above the ground 
state. With this arrangement, there will 
be no nuclear absorption of the recollless 
gamma rays and there will be no broadening 
of the (j level due to the stochastic 
field gradient or magnetic fields at the 
nucleus since a 0* state has no moment. 

The only factor then broadening the 0 + 
level will be the lnhomogenous Isomer 
shift. We prefer the 2* level to be short- 
lived, then Its natural width will be 
far larger than the lsor»r shift, thu3 an 
energy natch between the recollless gamma 
ray and the energy difference between 
0*+2* Is assured and stimulated emission 
can occur. 

The question as to whether the preferred 
nuclear level arrang<*nent exists can only 
be answered by research studies in 
Isomerism. A number of known 0 + -*2 + isomers 
are given below. 


20C a< * 2 


2l 

2* 


1.836 MeV 
1.526 MeV 


0.3ns 


The DSE alloys offer an obvious 
solution to the gamma ray laser require- 
ment for aligned nuclei. The requirement 
of symmetry and an electric field gradient 
along the filament can be achieved In 
either two -..'ays: 

1) the precipitate can have a crystal 
structure which has Isotropy about a 
crystal axis and the crystal axis Is 

put u a * w * ww W t - t a«..« *4 W <XA*0 | All C ACUUp X t? 

of such a structure Is tungsten disulfide, 
a hexagonal close packed crystal, or 

2) the precipitate car. have ar. isotropic 
structure, e.g., cubic, and be strained 
In the filamentary direction by differ- 
ential expansion coefficients Detween the 
precipitate and the matrix. The strain 

of the crystal would be expected to destroy 
the symmetry in the strain direction and 
give rise to ar. electric field gradient. 


937 «eV 22. 8n* 

7*Se 

2* .862 MeV 


7°Ge 


1.2153 MeV 3.6ns 

2 * 1.0396 MeV 


'88„ v 


il 


.826 MeV 
613 MeV 


Mossbauer absorber measurements will 
be made us'.- compos Ite 

as the absorber of the 93 •" gamr . f: >n 
the 2**0* transition In • -Hf. If the 
HfC ha3 become noncublc, t .Is should be 
detectable In the shape of the absorption 
line. 

Preferred Le-el Arranmcren- 

As we have indicated, a lo-.'-llved 
ljcner havln 

2*-*0 + or 0 -2 + In a hoc having an 
axially symmetric field gradient will 
provide dlrectel g-m.a r.ad.1 ltlon. 


Isomeric states with longer lifetimes 
should be sought for the gams ray laser. 
In addition to the traditional Islands of 
Isomerism, many quasiparticle states, 
bandheads of decoupled bands and nuclear 
levels with large changes In nuclear shape 
may provide thj longer-lived Isomeric 
state of the 0 + *2 + type. 

.EPIiODUCIMLHY or III' 
ORIGINAL PACK IS POOR 
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Conclusion 


The rationale for searching for a 
nuclear isomer Kith a 0 + spin and parity 
and decaying by means of a 0 + ->2 + transi- 
tion has been given. At this point no 
suitable isomer is known. The direction- 
ality of emission which a laser requires 
can be achieved in filamentary structures 
with symmetry about the filamentary axis, 
"sterials research in directionally 
solidified, precipitate reinforced, alloys 
should be watched for developments which 
~*sy nave the symmetry and electric field 
gradient required to achieve directional 
gamma ray emission. 
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